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(57) Abstract: 

PROBLEM TO BE SOLVED: To emit white light from a 
single picture element by providing a light emission 
layer in which lights in mutual complementary color 
relation on a chromatricity diagram are emitted and 
making light emitted from a light picking up surface 
white light. 

SOLUTION: The waveform of spectrum of light from a 
light emitting layer 5 of a light emitting diode 100 has 
a peak at a blue point U of 450nm and a yellow green 
point V of 570nm. Thereby, lights which are mutually in 
complementary color relation on a chromatricity diagram 
are emitted. Light emission of 450nm is band end light 
emission of an lno.20Gao.80N semiconductor of the light 
emitting layer 5 and corresponds to light emission by 
transition of carrier between a donor level by silicon 
added to an ln 0 .2o Ga o.80 N semiconductor of the light 
emitting layer 5 of 570nm and an acceptor level by zinc. 
Furthermore, more precise white light emission can be 
realized by designing an element so that an average 
value of a chromatricity coordinate of a V point and a 
chromatricity coordinate of a U point becomes a 
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CLAIMS 



[Claim(s)] 

[Claim 1] 3 group nitride semiconductor light emitting device characterized by making into the white light light which prepares a 
luminous layer which emits light mutually in light which has a complementary color relation, and is emitted from an optical ejection 
side on a chromaticity diagram in a light emitting device using 3 group nitride semiconductor. 

[Claim 2] Light which has said complementary color relation is 3 group nitride semiconductor light emitting device according to 
claim 1 characterized by consisting of luminescence based on band edge luminescence of said luminous layer, and luminescence 
based on transition of a carrier between acceptor level and donor level. 

[Claim 3] concentration of acceptor impurity and a donor impurity - 1x1017 to 1x1021-/cm3 it is - 3 group nitride semiconductor 
light emitting device according to claim 2 characterized by things. 

[Claim 4] Thickness of said luminous layer is 3 group nitride semiconductor light emitting device according to claim 1 characterized 
by luminescence reinforcement based on band edge luminescence and luminescence reinforcement based on transition of a 
carrier between said acceptor level and donor level being the thin thickness which spreads abbreviation etc. 
[Claim 5] Concentration of acceptor impurity in said luminous layer and a donor impurity is 3 group nitride semiconductor light 
emitting device according to claim 1 characterized by luminescence reinforcement based on band edge luminescence and 
luminescence reinforcement based on transition of a carrier between said acceptor level and donor level being the becoming 
concentration which spreads abbreviation etc. 

[Claim 6] Said 3 group nitride semiconductor is 3 group nitride semiconductor light emitting device according to claim 1 to 5 
characterized by being yln(AlxGa1-X)1-yN (0<=x<=1; 0<=y<=1). 

[Claim 7] Light which has said complementary color relation is 3 group nitride semiconductor light emitting device according to 
claim 1 characterized by making it eclipse ******** with weight serve as a coordinate (1/3, 1/3) of abbreviation and an equi-energy 
spectrum at lightness of each chromaticity coordinate of each light on xy chromaticity diagram. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to 3 group nitride semiconductor light emitting device in which 

white luminescence is possible. 

[0002] 

[Description of the Prior Art] Conventionally, the light emitting device in which 3 group nitride semiconductor was formed on silicon 
on sapphire is known. Since the light emitting device emits light in the blue which is one in three primary colors of the light, the 
application to a full color display etc. is expected. 

[0003] On the other hand, white is a likable color on human being's color sensation, and development of the light emitting diode 

(LED) of white luminescence is expected. 

[0004] 

[Problem(s) to be Solved by the Invention] However, in the conventional light emitting diode, in order to have obtained white 
luminescence, three chips, blue LED, red LED, and green LED, have been arranged on the same stem, and white luminescence 
had been obtained by mixing of the light which emits light from each chip. For this reason, the number of chips for obtaining white 
increased, manufacture became complicated, and while manufacture took time amount, the problem that cost became high existed. 
Moreover, generally also in LED of color mixture luminescence of arbitration, LED which emits light in each color in three primary 
colors must be arranged to the same field, and there is same problem. 

[0005] Therefore, this invention is accomplishing in order to solve the above-mentioned technical problem, and making the white 

light emit light by the single pixel. 

[0006] 

[Means for Solving the Problem] In invention of claim 1 , in a light emitting device which used 3 group nitride semiconductor, a 
luminous layer which emits light mutually in light which has a complementary color relation was prepared on a chromaticity 
diagram, and light emitted from an optical ejection side was made into the white light. Thereby, the white light can be made to emit 
light from a single pixel. Therefore, like before, since a chromaticity of arbitration is not obtained by two or more chips or mixing of 
light from two or more pixels, manufacture becomes easy and a manufacturing cost can be reduced. 

[0007] In invention of claim 2, light which has a complementary color relation is having constituted from luminescence based on 
band edge luminescence of a luminous layer, and luminescence based on transition of a carrier between acceptor level and donor 
level, and can acquire the white light by single luminous layer. 

[0008] In invention of claim 3, as a result of setting concentration of acceptor impurity and a donor impurity to 1x1017 to 1x1021- 
/cm3, luminescence of reinforcement equal to band edge luminescence can be obtained. Furthermore, luminescence reinforcement 
based on [ by invention of claim 4 ] band edge luminescence for thickness of a luminous layer, Luminescence reinforcement based 
on transition of a carrier between acceptor level and donor level considers as thin thickness which spreads abbreviation etc. in 
invention of claim 5 Concentration of acceptor impurity in a luminous layer and a donor impurity can acquire the white light by 
single luminous layer, as a result of luminescence reinforcement based on band edge luminescence and luminescence 
reinforcement based on transition of a carrier between acceptor level and donor level considering as becoming concentration which 
spreads abbreviation etc. Furthermore, two light which has a complementary color relation of a large range can be made to emit 
light by invention of claim 6 by having set 3 group nitride semiconductor to yln(AlxGa1-X)1-yN (0<=x<=1; 0<=y<=1). Especially, it is 
InGaN to a luminous layer. When it considers as 3 group nitride semiconductor of a system, while has a complementary color 
relation, and it is 420nm about light. It is 570nm about a purple-blue color and a color of another side. It can consider as yellowish 
green. Moreover, in invention of claim 7, since it was made for eclipse ******** with weight to serve as a coordinate (1/3, 1/3) of 
abbreviation and an equi-energy spectrum on xy chromaticity diagram at lightness of each chromaticity coordinate of each light, 
light which has a complementary color relation can obtain luminescence for pure white. 
[0009] 
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[Embodiment of the Invention] Hereafter, this invention is explained based on a concrete example. In addition, this invention is not 
limited to the following example. Drawin g 1 is the light emitting device 100 of this application example. General drawing is shown. 
Light emitting device 100 It has silicon on sapphire 1 and is 0.05-micrometer AIN on the silicon on sapphire 1. The buffer layer 2 is 
formed. 

[0010] On the buffer layer 2, it is thickness 4.0 [ about ] to order, mum, silicon (Si) dope GaN of 2x1018/of concentration of 
electrons cm 3 from - high carrier concentration n+ which changes A layer 3 and thickness 0.5 [ about ] GaN of the silicon (Si) 
dope of 5x1017/of concentration of electrons cm 3 of mum from - n layer 4 and about 10nm of thickness which changes -- 
lnO.08GaO.92N since - n layer 41 and ln0.13Ga0.87N of about 10nm of thickness which changes from - by n layer 42 and about 
10nm of thickness which changes Zinc (Zn) and silicon (Si), respectively ln0.2Ga0.8N added by 1x1020-/cm3 since -- 
lnO.08GaO.92N of a luminous layer 5 and about 10nm of thickness which changes from - hole concentration which changes 
2x1017-/cm3, Magnesium (Mg) Concentration By p layer 70 of 5x1019-/cm3, and thickness 100 nm hole concentration 2x1017- 
/cm3, Magnesium (Mg) concentration aluminumO.08GaO.92N of 5x1019-/cm3 dope from - the cladding layer 71 of p conduction 
type which changes, about 200 thickness nm, and hole concentration Magnesium (Mg) of 3x1017-/cm3 Concentration GaN of 
5x1019-/cm3 dope - since - the 1st contact layer 72 which changes, about 50nm of thickness, and hole concentration Magnesium 
(Mg) of 6x1017-/cm3 Concentration GaN of 1x1020-/cm3 dope from - p+ which changes The 2nd contact layer 73 is formed. And it 
is nickel/Au to the whole upper surface of the 2nd contact layer 73. The pad 10 for the bonding which the transparent electrode 9 
which consists of a double layer is formed, and becomes the portion of the corner of the transparent electrode 9 from the double 
layer of nickel/Au is formed. Moreover, the electrode 8 which consists of aluminum is formed on the n+ layer 3. 
[001 1] Next, the manufacture method of the semiconductor device of this structure is explained. The above-mentioned light emitting 
device 100 It was manufactured with the vapor growth by metal-organic chemical vapor deposition (henceforth, MOVPE). The used 
gas Ammonia (NH3) and carrier gas (H2), trimethylgallium (Ga3 (CH3)) (it is described as "TMG" below) trimethylaluminum 
(aluminum3 (CH3)) (it is described as "TMA" below) trimethylindium (In3 (CH3)) (it is described as "TMI" below) They are a silane 
(SiH4), diethylzinc (Zn2 (C2H5)), and magnesium cyclopentadienyl (Mg2 (C5H5)) (it is described as "CP2Mg" below) (it is hereafter 
described as "DEZ"). 

[0012] First, the a-th page washed by organic washing and heat treatment is made into a principal plane, and it is MOVPE about the 
silicon on sapphire 1 of a single crystal. The susceptor laid in the reaction chamber of equipment is equipped. Next, it was ordinary 
pressure, and H2 was baked by part for rate-of-flow 2 liter/, and silicon on sapphire 1 was baked at the temperature of 1 100 
degrees C with the sink to the reaction chamber for about 30 minutes. 

[0013] Next, temperature It is made to fall to 400 degrees C, and they are a part for 20 liter/, and NH3 about H2. A part for 10 liter/, 
and TMA It supplies for about 90 seconds by part for 1.8x10 -five-mol/, and is AIN. The buffer layer 2 was formed in the thickness 
of about 0.05 micrometers. The temperature of silicon on sapphire 1 is held at 1 150 degrees C. H2 A part for next, 20liter(s)/, NH3 
A part for 10 liter/, and TMG A part for 1.7x10 -four-mol/, It is 0.86 ppm by H2 gas. The diluted silane is introduced by part for 20x10 
-eight-mol/for 40 minutes, thickness 4.0 [ about ] mum and concentration of electrons 1x1018-/cm3 and silicon concentration Silicon 
(Si) dope GaN of 4x1018-/cm3 from - high carrier concentration n+ which changes The layer 3 was formed. 
[0014] Above-mentioned high carrier concentration n+ After forming a layer 3, it is 1 100-degreeC about temperature continuously. 
It holds. They are a part for 20 liter/, and NH3 about H2. A part for 10 liter/, and TMG A part for 0.5x10 -four-mol/, H2 gas - 0.86 
ppm the diluted silane - a part for 10x10 -nine-mol/- 30 minutes - introducing - thickness 0.5 [ about ] mum and concentration of 
electrons 5x1017-/cm3 and silicon concentration Silicon (Si) dope GaN of 1x1018-/cm3 from - n layer 4 which changes was 
formed. 

[0015] The temperature of silicon on sapphire 1 is held to 900 **. N2 or H2 A part for then, 20 liter/, NH3 A part for 10 liter/, and 
TMG 0.5 x10 -four-mol a part for /and TMI It is 0.86 ppm by part for 0.70x10 -four-mol/, and H2 gas. Diluted silane It introduces for 
3 minutes by part for 3x10 -nine-mol/. growth rate 0.1 mum/h lnO.08GaO.92N of about 10nm of thickness from - n layer 41 which 
changes was formed, next - holding the temperature of silicon on sapphire 1 to 860 **, and being fixed in the amount of supply of 
N2 or H2 and NH3, and a silane - carrying out - TMG 0.5 x10 -four-mol a part for /and TMI a part for 1.4 x10 -four-mol/- for 3 
minutes - introducing - growth rate 0.1 mum/h lnO.13GaO.87N of about 10nm of thickness from - n layer 42 which changes was 
formed. Furthermore, the temperature of silicon on sapphire 1 is held to 750 **, and it is N2, or H2 and NH3. The amount of supply 
is set constant. TMG 2.0 x10 -five-mol a part for /and TMI A part for 0.92x10 -four-mol/, H2 gas - 0.86 ppm the diluted silane - 0.3 
x10 -eight-mol a part for /and DEZ a part for 2 x10 -seven-mol/- 1.4 a part - introducing -- growth rate 0.1 mum/h -- 
lnO.20GaO.80N of about 1 0nm of thickness from -- the luminous layer 5 which changes was formed. Next, the temperature of 
silicon on sapphire 1 is held to 900 **, and it is N2, or H2 and NH3. Without changing the amount of supply TMG 0.5 x10 -four-mol 
a part for /and TMI A part for /, and 0.7 x10 -four-mol CP2Mg a part for 2 x10 -seven-mol/- for 3 minutes - introducing - growth 
rate 0.1 mum/h lnO.08GaO.92N of about 10nm of thickness from - p layer 70 which changes was formed. 

[0016] Temperature is held at 1 100 degrees C. N2 or H2 A part for then, 20 liter/, NH3 A part for 10 liter/, and TMG A part for 0.5 
x10 -four-mol/, TMA A part for /, and 0.47x10 -five-mol CP2Mg a part for 2x10 -seven-mol/- for 20 minutes - introducing - 
aluminumO.08GaO.92N of the magnesium (Mg) dope of about 100 thickness nm from - the cladding layer 71 which changes was 
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formed. Magnesium concentration of a cladding layer 71 It is 5x1019-/cm3. In this condition, a cladding layer 71 is still resistivity 
108. It is an insulating material more than omegacm. 

[0017] next, temperature - 1 100 degrees C - holding -- N2 or H2 - a part for 20 liter/, and NH3 A part for 10 liter/, and TMG A part 
for /, and 0.5 x10 -four-mol CP2Mg a part for 2x10 -nine-mol/- for 23 minutes - introducing - GaN of the magnesium (Mg) dope of 
about 200 thickness nm from - the 1st contact layer 72 which changes was formed. Magnesium concentration of the 1st contact 
layer 72 It is 5x1019-/cm3. In this condition, the 1st contact layer 72 is still resistivity 108. It is an insulating material more than 
omegacm. 

[0018] next, temperature - 1 100 degrees C - holding - N2 or H2 - a part for 20 liter/, and NH3 A part for 10 liter/, and TMG A part 
for/, and 0.5 x10 -four-mol CP2Mg a part for 4x1 0 -nine-mol/- for 10 minutes - introducing - GaN of the magnesium (Mg) dope of 
about 50nm of thickness from - p+ which changes The 2nd contact layer 73 was formed. Magnesium concentration of the 2nd 
contact layer 73 It is 1x1020-/cm3. In this condition, the 2nd contact layer 73 is still resistivity 108. It is an insulating material more 
than omegacm. 

[0019] Next, the electron ray was uniformly irradiated at the 2nd contact layer 73, the 1st contact layer 72, and the cladding layer 71 
using electron-beam-irradiation equipment. The exposure conditions of an electron ray are the acceleration voltage of about 10kV, 
data current ImicroA, passing speed 0.2 mm/sec of a beam, beam diameter 60micrometerphi, and degree of vacuum 5.0 x10- 
5Torr. By the exposure of this electron ray, the 2nd contact layer 73, the 1st contact layer 72, and a cladding layer 71 are hole 
concentration, respectively. 6x1017-/cm3, 3x1017-/cm3, 2x1017-/cm3, resistivity 2-ohmcm and 1 It became p conduction type 
semiconductor of omegacm and 0.7-ohmcm. Thus, the wafer of multilayer structure was obtained. 

[0020] Next, the metal mask layer was formed by photograph RISOGURAFU on the 2nd contact layer 73, and after supplying and 
carrying out dry etching of 4 [ with a layers / 41 or n layers / of with a layers / 42 or n layers / of the 2nd contact layer 73 of the part 
which is not covered with a metal mask layer, the 1st contact layer 72, a cladding layer 71, and 5 or n layers / of luminous layers ] 
by BCI3 gas, dry etching was carried out by Ar. At this production process, it is high carrier concentration n+. The hole A for 
electrode drawing to a layer 3 was formed. Then, the metal mask layer 1 1 was removed. 

[0021] Next, it is nickel/Au uniformly. Two-layer was vapor-deposited and the transparent electrode 9 was formed on the 2nd 
contact layer 73 through spreading of a photoresist, the photolithography production process, and the etching production process. 
And it is nickel/Au in a part of the transparent electrode 9. Two-layer was vapor-deposited and the pad 10 was formed. On the other 
hand, it is n+. To the layer 3, aluminum was vapor-deposited and the electrode 8 was formed. Then, like the above, the processed 
wafer was cut for every element and obtained the light emitting diode of the structure shown in drawing 1 . 

[0022] Light emitting diode 1 00 of this structure The spectrum of the light from a luminous layer 5 came to be shown in drawin g 2 , 
and became the wave which has a peak in 420 nm and 570 nm. Thereby, it turns out mutually on a chromaticity diagram as shown 
in drawing 3 that the light which has a complementary color relation is emitted. 420 Luminescence of nm is lnO.20GaO.80N of a 
luminous layer 5. It is in charge of band edge luminescence of a semiconductor, and luminescence of 570 nm is lnO.20GaO.80N of 
a luminous layer 5. It is equivalent to luminescence by transition of the carrier between the donor level by the silicon added by the 
semiconductor, and the acceptor level by zinc. 

[0023] In addition, what is necessary is to carry out weighting by the lightness of V point luminescence, and the lightness of U point 
luminescence, and just to design so that the value which averaged the chromaticity coordinate of V points and the chromaticity 
coordinate of U points may become a coordinate (1/3, 1/3) as shown in drawing 3 in order to obtain more precise white 
luminescence. 

[0024] Namely, [Equation 1] {(xV and yV) -MV+ (xU and yU) and MU} / (MV+MU) = (1/3, 1/3) - however (xV and yV) The 
chromaticity coordinate of V points (xU and yU), The chromaticity coordinate of U points, M V, and MU They are V points and the 
lightness of luminescence of U points, respectively. Moreover, they are IV and IU about the luminescence brightness of V points 
and U points. When carrying out, they are MV =IV / yV, MU =IU / yU. But it is. 

[0025] The reinforcement of band edge luminescence can be controlled by thickness of a luminous layer 5, and the luminescence 
reinforcement between impurity level can be controlled by concentration of a donor impurity and acceptor impurity. 
[0026] At the above-mentioned example, it is 420nm about luminescence wavelength. 570nm Although set up, if the above- 
mentioned relation of several 1 formula is filled, the pure white light can be acquired also in combination with other wavelength. 
[0027] In addition, although thickness of a luminous layer 5 is set to 10nm in the above-mentioned example, the thickness of a 
luminous layer 5 is 1-100nm. Reinforcement of band edge luminescence and luminescence between impurity level was able to be 
made into the reinforcement from which pure white is obtained in the range. Moreover, although the luminous layer 5 is considering 
as the monolayer, it is good also as a single or multiplex quantum well structure. Moreover, as for the addition of zinc and silicon, 
luminescence by transition between impurity level is obtained in the 1x1017 to 1x1020-/cm3 range. 

[0028] although silicon on sapphire was used in the above-mentioned example - SiC and MgAI 204 etc. - it can use. moreover - 
a buffer layer - AIN although used -- AIGaN, GaN, and InAIGaN etc. - it can use. Furthermore, in 4, it is GaN n layers. Although 
used, 3 group nitride semiconductors, such as lnxGayAI1-x-yN, can be used. Similarly, a cladding layer 71, the 1st contact layer 
72, and the 2nd contact layer 73 can also use 3 group nitride semiconductors, such as InxGayAM-x-yN of an arbitration mixed- 
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crystal ratio. Moreover, others and 2 group element or 4 group element can use 4 group element besides silicon, and 6 group 
element for an acceptor impurity element at a donor impurity element. [ zinc ] 



[Translation done.] 
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* notices * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS I 

> 

[Brief Description of the Drawings] 

[Drawing 1] The block diagram having shown the configuration of the light emitting diode concerning the concrete example of this 
invention. 

[ Drawin g 2] Measurement drawing which expressed the spectrum of light from the luminous layer of the light emitting diode of this 
example. 

[ Drawin g 3] Explanatory drawing having shown composition of the chromaticity of the light emitting diode of this example. 
[Description of Notations] 
100 - Light emitting diode 

1 -- Silicon on sapphire 

2 - Buffer layer 

3 -- High carrier concentration n+ Layer 
4, 41, 42--n layers 

5 ~ Luminous layer 

71 -- Cladding layer 

72 - The 1 st contact layer 
72 -- The 2nd contact layer 
9 - Transparent electrode 

[Translation done.] 
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iftK 4X10 18 /cm3<7)>-Ur?>-(Si) K-TGaN 

[0014] iieoS^-r UTjftKn* JI3 £jgfifcL£ 
f*. i!^T?ajS£ll00° C K#J*rU H 2 £20 liter/ 
4hNH 3 £10 liter/?h TMG £ 0.5xl0-**;k/8\ 
H 2 ^'XtcJ: i50.86ppm iz^^ixtiiyyy^lOxlQr^^ 

fr/ttx-mmxt. mmm.5 n?mm 5x10 

^/cm 3 . i^ynViUS lX10 18 /cm 3 <7)v- | j3y(Si) K— 
7°GaN n«4 ^ILfc. 

[0015] *ryr-i TWSL 1 OiSS£900 "C 

C«#U N 2 X<iH 2 £20 liter/^r, NH 3 £10 liter/ 
TMG £0.5 XIO- 4 ^:^/^. TMI £0.70X10- 4 ^ 
/%, HttfXtzJ: 00.86p P m IZ^MZtltzisyyi: 3X 
10- 3; &^/^T'3^r B 1^ALT. //m/h 
X\ MiI*-J10nmC73In 0 . 08 Ga 0 . 92 N K)£l.nl4 l£ 

mwivtz. mz. ■y-yrJTmmicD&g.zm °a,z& 

f%LX. N 2 X«H 2 . NH 3> y7y««M5-£t L 
*C, TMG £0.5 XIO" 4 ^/^-, TMI £1.4 XIO" 4 ^;!^ 
/^T'3^raiALT, «S3«S0.1 jLtn/h T\ )HS*«J 
10nm<7)In 0 . i 3 Gao. 87 N *»A>(£S nf4 2^MLft. 
$^>t, t7T-f T»«l<7)iaK£750 °C(CfS^LT. 
N 2 X(iH 2 . NH 3 cO«*&2£-^fcLT. TMG £2.0 X10 
-^^V/^, TMI £0.92X10- 4 ^;L-/}h H 2 ^fXfcJ: 0 
0.86 P pm xlQ-*^)l-/-ft, DE 

Z £2 xl0-^;P/^-T'1.4 #*»ALT, Eic*^J£0.1 
jwm/hT', KJ¥$-JlOnm^In 0 . 20 Ga 0 . 80 N 3&»4,«&f63t 
!55:ML!t. iJCC -9-7r^ra«l<?O^JK£900 
°CtC«^L, N 2 X(iH 2 . NH 3 <Ofit*&»*3WkS*4if: 
^T<. TMG £0.5 X10- 4: &;U/»\ TMI £0.7 X10" 4 ^: 
/P/^, CP 2 Mg £2 xlO-i^)U/ttX-3ftmmXLX. 
f&^mfeOA um/h X\ KiP^lOnm<OIn 0 . 08 Ga 0 . 92 N 
Kil,pl7 0^WL!t. 

[0016] m^X, v&J^llOO-CfcftftU N 2 X(±H 2 
£20 liter/^-, NH 3 £10 liter/;ft\ TMG £0.5 X10 
-"^I'/JK TMA £0.47xl0- 5 ^/l^/^r. CP 2 Mg 
£2xl0-7^/frT20#raSAU ^W^lOO nmffl 
V^*>"7A(Mg) r-"-TOAl 0 . 08 Ga 0 . 92 N 7 
•y HJ17 1 £Jg«LJt. 777H17 l<7r?^*S/"7A 
?8S(i 5X10i 3 /cra 3 T'$)^„ iOttflRTti. ^7 7Hi 

[0017] ig«£llOO < 'C^ft N 2 X(iH 2 £ 

20 liter/ft\ NH 3 £10 liter/3r. TMG £0.5 xlO" 4 
W/ft. RTf. CP 2 Mg £ 2xiO"« i EyP/#T23iHBW 
At. Mff^OO nmcO-7/^v-T7A(Mg) F-TCOGaN 
H«5il3V?? bJ17 2£?^«L^. S13^ 

^ h@7 2<7)-?y*zsi?j*mm£ 5xio is /c#tj>s. 

10« ncntLhOi^fi|sT*S>S. 

[0 0 18] <JCtC, aW^£H00Cfc:fia*L;. N 2 X«H 2 £ 



(4) 



^IWT 10-22527 



20 liter/#\ NH 3 £10 liter/#\ TMG £0.5 X10" 4 
^)V/ft, &V, CP 2 Mg 5: 4X10- 9 ^/#T-10#fggi 
AL, IK*^50nmO-7^>">A(Mg) H-rcOGaN 

hmi '3<ry?y*?/*) J*wmt ixio 2 °/cm3T'S> 

t. ZCDtfMTli, W,2^Vf? hM7 3li, ffi 

[ o o 1 9 ] vHrnstigmzm^x. m2?> 

jittEiftlOKV. jmnSKl/iA. b*-A<^^ftjSLK0.2i 
m/sec , b - '— Ag60/im<f>» X£BK5.0 xl0- 6 TorrT"£> 

4. £<O« : m«0!B3tfc:J:9, *23y*?l-Ji7 3, 

*U as—)Vm& BxlOiVcma.BxlO^/ctf ,2xlO l Vc 
m 3 , ffitfi* 2Qcm, 1 Qcm,0.7Qcmi75pfE^l!¥#tti: 

?«£J;oT«;bftT^£^{i03S2 3>'?? 
3. W>l^V?9 VM7 2, ^77H@7 1. 

5. 1)142, n|4 1, n«4S:BCl3^-Ctt*&LK 

[00 2 1 ] <MC. — «£Ni/Au C02S5:^«L. 7* 

9£Jg«Ufc. ^LT, ^®5?«Si90— SSfcNi/Au 
<?D2Jl*^iL.T^-y HI 0£J»£Ufc. —Jr. n + J| 

Jt. foa, ±ia^rt<5fl ! a^ix^ i 7x^Mi. 

[0022] i<75ffiitiO^^M K100 0>3fc3fcJB 5 
frt>cr>ft<7)X<<7 hMtm2iZ^rti. 5 fc&'v. 420 n 
mi:570 nmtzV-?*&t&W8b&-*tl. ZtllZX 

W^(lJ>-I>3t^ai$ilT^.|.CO* i ^4. 420 nmCO 
$mit. ^tJi5c7)In 0 . 20 Ga 0 . 8 oN ^#W^H«?6 
ftfc^JtO. 570 nm«fl SBfcS 5 CDIn 0 . 20 Ga 

[ 0 0 2 3 ] ft. i *)tii®%m&¥&(;£n&t:Mzl±. 

m 3 ic^-r «t o iz . v.#«oH3je t u *jBteo0M fc 

TJ^LfcflWffia ( 1/3,1/3) fc$r5 J: 5 jc tf KtmUf 



[0 0 24] EU*>, 

[» 1 ] < ( x v , y „ ) ■ M w + < x„, y 0 ) • M„ ) 
/< M v +Mu )= (1/3,1/3) 

fit, ( x v , y„ ) {4Vjfi<0fe«J®i, ( x„, y„ ) « 
Uj£W>feffiffiSL M v , M u l±, -etL-eil. VjS, UA 

I v • Iu bi-&&fliZ. M v =I V /y v , M„ =Iu 
/y u t'ifel). 

[0025] flftjf 5 <r>mZ (C X 0 , PUftftalft 

[0026] nzcommmxiz. zmM-gztzot™ tsi 

Onm CSSL^*\ MWlil^SMI/iS^^^ 

[00271 S. ±IBIISfiMT'(i. 5<?)S $^10 
nmtLTVW H3tS5<73JS§{±. 1 ~100nm <7)^ 

LTt,Av\ X. WSStisV^ykomtoMilZ. 1 xio 

i7 ~ i x io2 o /cm 3 msx^tmi^^fifsicrimmz z&zt 

[0028] ±.s&mmx*lt, t7r^ TS«£fflkvfc 
^'SiC s MgAl 2 0 4 f^^itmii, X. A 7 7 
T«tC{±AlN Srfflt^J^AlGaN . GaN s InAlGaN m&m 
^ZZtrfX-ZZ. nS4lC<±, GaN SrfflV^T 

V^&*\ In I Ga y Al 1 - I _ y N^<7)3Sia'fl:^^$rfflV^ 
[SiatC. ^^-y KJf 7 1 . Sgl3>-^7 
M72, m2?y?7hm73l>. ffiRHAttcOIn, G 
ayAl i .„ . y N^CT) 3 ^S^tl^*^fflV ^ Z t *<T§ 

X(i, 4fl67E3R*«. H ±-^m®7mt,z\±is V a v<r> 
[H3aofSm=Srf^] 

[HI ] *»W«ll*fl<«riai«fc:ffi45Be^3j--K 

[02] Hiai[0!o«3e^*-H<o«3ejB*»4>3te<?5^ 

1 0 0-M^^-H 

1- -9-7r>fT»K 

2- -/\'-y 7 rl 

4 . 4 1, 4 2-nl 

5--«S 

7 1-^7-y K« 

7 2-851 ny^^M 



(5) 



WiPFl 0-2 2 527 



7 2- , %2^y?'?hm 9 -jams 



tan [H2] . 




— I I ^ 

420 no 570 im iSE 



<72)»B# *** «- 



